The Indian honey bee Apis cerana indica, which harbors an abundant and diverse range of lactic acid bacteria (LAB) in their gut with beneficial effects, was used as the source for the isolation of LAB. In the present study, two LAB isolates from honey bee gut were selected primarily based on their phenotypic and selective biochemical characterization, followed by PCR and identified using 16S rRNA sequencing as Lactobacillus plantarum and were registered in National Centre for Biotechnology Information under accession number KX519413 and KX519414. The probiotic potency of test strains indicated their survivability at acidic pH, bile salts and viability in simulated gastric juice enabling them to withstand gastrointestinal tract conditions. Evaluation of cell surface properties suggested that they possess an important defense mechanism against the pathogen since they are hydrophobic, auto-aggregative and have co-aggregative ability. Further, efficient exopolysaccharide production by them indicates not only their ability to enrich biofilm formation and auto-aggregation, but also enhances bacterial adhesion and colonization on the host intestinal tract. The present study concluded that L. plantarum from the gut of Apis cerana indica possesses probiotic potency, and potential candidates for use as food besides application in nutraceutical and pharmaceutical industries.
INTRODUCTION
The honey bee, domesticated around the world for honey production and crop pollination, is the most important agricultural pollinator and it is a key link in the human food supply. Microbial inoculation and colonization of the gut occur as a result of pollen consumption and through food exchange with older bees in the colony (Gilliam 1997) .
The potential probiotic genera Bifidobacterium and Lactobacillus are reported to be highly active in honey bee gut flora, whose members are also popular for their involvement in food fermentation (Mattila et al. 2012) . Three novel promising strains of Lactobacillus plantarum, L. pentosus and L. fermentum were reported from the honey stomach of honey bee Apis dorsata. (Tajabadi et al. 2013) . Probiotics are live microbial food supplements, which exert various health benefits on a host when administrated in adequate amounts (Shehata et al. 2016) , and their success in the market will depend on the effectiveness of the cultures used (Yadav, Puniya and Shukla 2016 ). An effective probiotic should be viable, safe, bile and gastric juices tolerant, able to survive through the gastrointestinal tract, adhere and colonize gut epithelial cells (Yadav, Puniya and Shukla 2016) . Probiotics may confer their health benefits by several mechanisms; by contributing to colonization resistance, reinforcing the intestinal barrier, modulating the immune system and instructing the intestinal microbiota composition and activity (Gómez 2016) . Lactic acid bacteria (LAB)is recommended (Yadav, Puniya and Shukla 2016) as a probiotic strain due to its distinct probiotic properties. LABs are defined as a cluster of lactic-acidproducing, low G + C%, non-spore-forming, Gram-positive rods, and cocci-and catalase-negative bacteria that has a particular interest for food industries due to their technological properties, being often used as starter cultures to produce fermented products (Gómez 2016) . The LAB present in the gut bacterial flora of A. cerana indica has putative health-conferring properties (Pattabhiramaiah, Reddy and Brueckner 2012) . In the present communication, we aimed to isolate and identify the LAB L. plantarum from the gut of A. cerana indica and also evaluated their properties to use as a potential probiotic.
MATERIALS AND METHODS

Isolation and characterization of LAB
Adult workers of A. cerana indica were collected from different apiculture farms in Kerala, and their gut samples were dissected out aseptically and kept in (10% W/V) normal saline (0.85% weight per weight). Aliquots (1 ml) of the above sample were seeded on MRS (De Man Rogosa Sharpe) agar plate and incubated anaerobically (5% CO2) at 37
• C for 72 h to recover the lactobacilli.
Primary screening of LAB
The colonies isolated on the MRS agar were Gram-stained and examined for bacterial morphology, motility by hanging drop method, catalase, oxidase test and milk coagulation. Gram staining and catalase test (Tajabadi et al. 2013) were conducted as an initial screening of Lactobacillus. Gram-positive, catalasenegative, oxidase-negative and milk coagulative bacilli isolates were chosen. They were further purified by repeated streaking on solid MRS medium and preserved in skim milk at -20
Identification of the isolates by 16S rRNA sequencing
Genomic DNA was isolated from the bacterial isolates and was used as a template for PCR for the amplification of part of 16S rRNA. Bacterial universal primers were used (I) forward primer- • C. The PCR product was checked by agarose gel electrophoresis, purified and was further subjected to sequencing. The sequence data was checked by BLAST analysis (Zhang et al. 2000) . The phylogenetic analysis of the 16S rRNA sequences of the isolates obtained in the study was conducted with MEGA 5 using the neighbor-joining method with 1000 bootstrap replicates (Tamura et al. 2011) .
Screening of isolates with in vitro probiotic characterization
Acid tolerance test
Overnight cultures of the LAB isolates were inoculated (1% volume per volume) in MRS broth previously adjusted to pH values 2, 3 and 4 with IN HCl or NaOH and incubated anaerobically at 37
• C for 6 h. Culture turbidity was monitored at 650 nm after 6 h of incubation (Khalil et al. 2007) .
Bile tolerance
Overnight cultures of the LAB isolates (2% volume per volume) were inoculated in MRS broth containing 0.3, 0.5 and 1% bile salt and incubated anaerobically at 37 • C for 6 h. The control comprised of MRS broth without bile. Absorbance was measured at 560 nm (Walker and Gilliland 1993) Tolerance to simulated gastric juice to determine transit tolerance The artificial gastric fluid was prepared with 125 mmol/l NaCl; 17 mmol/l KCl; 45 mmol/l NaHCO 3 and 3 g/l pepsin. The final pH was adjusted with HCl to pH 2 and pH 3 and with NaOH to pH 7. LAB isolates (Mattila et al. 2012) were centrifuged at 10 000 rpm for 10 min at 4
• C. One milliliter of the cell suspension in saline was added to 10 ml of artificial gastric fluid. Aliquots were taken at 180 min and growth was measured at 560 nm (Fernandez, Boris and Barbe 2003) .
Cell surface properties
Hydrophobicity of LAB Hydrophobicity of the LAB isolates was evaluated using xylenea nonpolar solvent and chloroform an apolar solvent. Cultures were harvested by centrifugation at 12 000× g for 5 min at 5
• C, washed and resuspended in 50 mM K 2 HPO 4 (pH 6.5) buffer. The cell suspension was adjusted to an A 560nm value of approximately 1.0 with the buffer and 3 ml of bacterial suspensions were put in contact with 0.6 ml of solvent and vortexed for 120 s. The aqueous phase obtained was removed and the absorbance at A 560nm was measured. The decrease in the absorbance of the aqueous phase was taken as hydrophobicity (H %), which was calculated with the formula H% = [(A 0 -A)/A 0 ] × 100, where A 0 and A are the absorbance before and after extraction with solvent, respectively (Vinderola and Reinheimer 2003) .
Auto-aggregation
Auto-aggregation of the LAB strains and the pathogen, Salmonella typhi (MTCC 734 obtained from Microbial Type Culture Centre (MTCC) Chandigarh), was performed as per Del Re et al. (2000) with modifications. An overnight culture of the test strains and the pathogen were harvested by centrifugation at 5000 g for 15 min. Cells were resuspended in 50 mm K 2 HPO 4 buffer at pH 6.4. The optical density of each of the organism was adjusted to the value of 0.5 at 600 nm. Four milliliter of cell suspension of each organism was mixed by vortexing for 10 s and auto-aggregation was determined during 5 h of incubation at room temperature. Top portion of the suspension (0.1 ml) was transferred at different time interval to another tube with 3.9 ml of the buffer and absorbance measured at 600 nm. Auto-aggregation (%) =1 -(At/A0) × 100, where At denotes the absorbance at time t = 1, 2, 3, 4 or 5, and A0 the absorbance at t = 0.
Co-aggregation
The co-aggregation analysis was performed according to Del Re et al. (2000) . Briefly, bacterial suspensions were prepared as described in section 'Auto-aggregation'. Equal volumes of cells of the different LAB strain and pathogen (S. typhi, MTCC 734) strain (1:1 v/v) were mixed by vortexing for 15 s and incubated at 37
• C without agitation. Control tubes were set up at the same time, containing 4 ml of each bacterial suspension. Absorbance (A600) was measured after mixing and after 5 h of incubation at room 
where Ax and Ay be the absorbance of the test strains and pathogen in the control tubes, respectively, and A (x + y) is that of the mixed bacterial suspensions (test strain and pathogen) for co-aggregation.
In vitro adhesion assay
Adhesion assay
The crystal violet method was used to determine adhesion ability of test isolates. Mucous stock suspension was prepared by dissolving 10 mg/ml in HH (Hepes Hank) buffer. The adhesion ability compared with the pathogenic strain, Vibrio cholera (MTCC 3906) . The test cultures and pathogen were added separately (as a volume of 100 μl) into microtiter polystyrene plate wells previously coated with 150 μl of human intestinal mucous. The greater volume of the mucous compared to the volume of the added bacteria was used to avoid the contact of the stain with the polystyrene. Bacteria were adhered at 37
• C for 1 h, and the non-adherent bacteria were removed by washing the wells three times with 250 μl of PBS. The adherent bacteria were fixed at 60
• C for 20 min and stained with crystal violet (100 μl/well, 0.1% solution) for 45 min. Wells were subsequently washed five times with PBS to remove excess stain. The stain bound to the bacteria was released by adding 100 μl of citrate buffer (20 mmol −1 ; pH 4.3). After 45 min incubation at room temperature, the absorbance values at 640 nm were determined using microtiter plate reader. Stained mucus without bacteria was considered as negative control. Results were expressed by subtracting the absorbance value of this negative control from absorbance value recorded for all samples according to Vesterlund et al. (2005) .
Biofilm formation
Quantification of biofilm formation on polystyrene. Microtiter plate method was employed for the determination of bacterial adhesion to plastic surface according to Rode et al. (2007) . Based on the absorbance (A570) produced by the bacterial films, strains were classified into four (Vukovic et al. 2000) categories: no biofilm producer (0); weak biofilm producer (+); moderate biofilm producer (++); strong biofilm producer (+++), where the cut-off absorbance OD c (optical density) was the mean OD of the negative control (Enterococcus faecium). OD ≤ OD c , no biofilm producer (non-adherent);
OD c ≤ OD ≤ 2 × OD c , weak biofilm producer (weakly adherent); 2 × OD c ≤ OD ≤ 4 × OD c , moderate biofilm producer (moderately adherent); 4 × OD c ≤ OD, strong biofilm producer (strongly adherent).
Scanning electron microscopy analysis. Scanning electron microscopy (SEM) of the isolates was performed according to the method of Lembke et al. (2006) .
Exopolysaccharide production
Selected isolates were grown in modified MRS broth (glucose 20 g/l was replaced by lactose 75 g/l), culture inactivated at 100
• C for 10 min and the cells were harvested by centrifugation for 10 min at 11 000× g. Two volumes of cold ethanol were added to culture supernatants and stored overnight at 4 • C. Precipitated material, collected by centrifugation (20 min at 2500× g), was resuspended in demineralized water and mixed with 2 volumes of cold ethanol. The samples were centrifuged at 2500× g, and the pellets obtained were dried at 100
• C. The total carbohydrate content of the exopolysaccharide (EPS) was determined using the phenol-sulfuric acid method (Dubois et al. 1956 ).
Statistical analysis
Statistical analysis of the data obtained was performed by conducting Student's t-test and values were expressed as mean ± SD (standard deviation of the mean) values. One-way analysis of variance was used to determine the significant variation between the treatments, and mean comparison was done by Tukey's test and significance difference taken at P < 0.05. All statistical analyses were performed using the software Graph Pad Prism 5.
RESULTS
In present study, LAB was isolated from the gut of A. cerana indica since this source remains as an unexplored reservoir of microbial diversity. The isolates obtained showed typical lactic acid bacterial characteristics (Table 1) , and they were identified as L. plantarum MBTU-HK1 and L. plantarum MBTU-HT based on their molecular characterization. The details of the two strains were deposited in gen bank under accession no: (i) KX519413 and (ii) KX519414, respectively.
Phylogenetic tree and sequence similarities of the LAB strains
In this study, phylogenetic tree and sequence similarities of MBTU-HK1 and MBTU-HT were performed, and the results of phylogenetic analysis are presented as phylogenetic tree in Figs 1 and 2. Results indicated that both strains MBTU-HK1 and MBTU-HT were identical to L. plantarum, since they showed 100% and 99% of identity respectively (as explained in Table 2 ).
In vitro determination of probiotic characteristics
Acid tolerance
Acid tolerance is an important selection criterion as a probiotic strain should be able to survive gastric acidic conditions. The initial absorbance (0 h) of the test isolates was within 0.0011-0.0016. At pH 2 (6 h), there was no significant growth of two strains when compared with growth at pH 6.5 (control). Still, they have able to survive this acidic condition. At pH 3 and 4 (6 h), survivability and growth increases. Among the two isolates, MBTU-HK1 showed better results than MBTU-HT. Both strains recorded higher growth at pH 6.5. The absorbance values (650 nm) obtained for acid tolerance of MBTU-HK1 and MBTU-HT are shown in Table 3 . Values expressed as average of triplicate means ± SE. Means in the same row with different letters (a, b) were significantly different (P < 0.05), column 2 and 3 (MBTU-HK1) and column 5 and 6 (MBTU-HT). Means in the same row with different letters (a, b) were significantly different (P < 0.05), column 2 and 3 (MBTU-HK1) and column 5 and 6 (MBTU-HT). Means in the same row with different letters (a, b) were significantly different (P < 0.05), column 2 and 3 (MBTU-HK1) and column 5 and 6 (MBTU-HT).
Bile tolerance
Bile salt tolerance is a prerequisite for the metabolic activity and colonization of bacteria in the small intestine of the host (Shehata et al. 2016) . The test strains showed significant enhancement of absorbance (from 0 to 6 h) at 0.3, 0.5 and 1% of bile concentrations (Table 4) . Control tube, without bile salt (MRS broth), showed higher absorbance value for both strains. Among the two, L. plantarum MBTU-HT exhibited an excellent absorbance even at a bile concentration of 1%.
Tolerance to simulated gastric juice Tolerance of L. plantarum strains to simulated gastric juice was studied in order to determine transit tolerance. Results obtained and presented in Table 5 , both the strains showed significant enhancement of absorbance (0-3 h) at 560 nm. Among the two strains, L. plantarum MBTU-HT exhibited highest absorbance than MBTU-HK1 at pH 2 and 3, suggesting that the test strains were viable in simulated gastric juice. Both the strains exhibited equally or higher than 90% tolerance to gastric juice at both pH compared to pH 7 (control).
Cell surface properties
Hydrophobicity, auto-aggregation, and co-aggregation Both the L. plantarum strains MBTU-HK1 and MBTU-HT showed both hydrophobic and hydrophilic nature. The results indicated that the strains showed stronger affinity for xylene than chloroform, demonstrating more hydrophobic than hydrophilic cell surface of isolates (Table 6) . Lactobacillus plantarum MBTU-HK1 showed maximum affinity toward xylene (94.9%) than MBTU-HT (85.26%). Lactobacillus plantarum MBTU-HK1 and MBTU-HT showed excellent auto-aggregation ability which ranged from 99.2% to 99.8% (Table 6 ). Both the isolates were observed to have the ability to co-aggregate S. typhi, although the percentages of co-aggregation differed, depending on specific combinations of strains. Among the isolates, L. plantarum MBTU-HK1 possessed highest level (62.6%) of co-aggregation with S. typhi (Table 6 ).
In vitro adhesion assay
Adhesion assay
Data obtained for the in vitro adhesion assay presented in Fig. 3 indicated that L. plantarum strains MBTU-HK1 and MBTU-HT were more adherent to intestinal mucous than the tested pathogen V. cholera.
Biofilm formation
Quantification of biofilm formation on polystyrene surface
Results obtained for the quantitative analysis of biofilm formation revealed that the LAB strains, MBTU-HK1 and MBTU-HT (2 × OD c ≤ OD ≤ 4 × OD c ), are moderate biofilm producer (moderately adherent to polystyrene) at the optimum growth temperature (37 • C). These results were verified with the data obtained from SEM analysis (Fig. 4) of the strains which indicated that they were biofilm producers. (a, b, c, d , e, f, g) were significantly different, P < 0.05. 
EPS production
EPS plays a role in the protection of the microbial cell, adhesion to solid surfaces and biofilm formation, and hence EPS production was evaluated. From the results documented in Fig. 5 , it was inferred that MBTU-HT was found to be more efficient for production of EPSs (382.3 mg/l) compared to the strain MBTU-HK1(367.3 mg/l). Data obtained for analysis of correlation of EPS with cell surface properties of L. plantarum MBTU-HK1 and MBTU-HT are presented in Fig. 6 .
DISCUSSION
Recently, LAB and its strains have been sourced for large-scale production of probiotics in food and pharmaceutical industries. In this perspective, new and new source of LABs are being continuously searched by investigators. The relevance of present study is the first time, for the isolation and probiotic characterization of L. plantarum the gut of A. cerana indica. Pattabhiramaiah, Reddy and Brueckner (2012) isolated and identified 
L. apis mellifera, L. alvei, L. apis, L. acidophilus and L. crispatus from the gut of A. cerana indica.
Most of the studies on LABs of honey bee gut were restricted to A. mellifera and A. dorsata, and were focused on different objectives other than probiotic aspects (Carina Audisio et al. 2011; Tajabadi et al. 2013) . Olofsson and Vasquez (2008) reported that LAB flora originates from honey stomach and was composed mainly of Lactobacillus and Bifidobacterium. Identification of both the strains of L. plantarum MBTU-HK1 and MBTU-HT were confirmed by biphasic molecular taxonomy and their 16S rRNA nucleotide sequences were deposited in gen bank under accession no. KX519413 and KX519414. Tajabadi et al. (2013) reported that L. plantarum, L. pentosus and L. fermentum are the dominant LAB in honey stomach of honey bee A. dorsata from Malaysia. In the present study, the tested strains possessed acid tolerance in varying degrees, at pH 2 exhibited only survivability and no significant growth. The result indicated that (even though there is no significant growth) the strains have able to survive in the acid condition of stomach, during their passage to intestine. When the pH increases to 3 and 4, there is gradual increase in the growth rate. At pH 4, significant growth was recorded by both strains. Similar results were observed in the survival rate of L. acidophilus I 26 (Jin et al. 1998) . Tolerance to bile salts is a prerequisite for colonization and metabolic activity of bacteria in small intestine of the host and contributes in balancing the intestinal microflora (Shehata et al. 2016) . MBTU-HT exhibited 85.9%-81.1% tolerance, when they treated 0.3%-1% of bile salt. In case of MBTU-HK1, the tolerance was recorded 82.3%-47.8% (Table 4) . As probiotics are usually administrated orally, they must have the ability to survive passage through the stomach and small intestine. Therefore, resistance to the low pH of the gastric juice in the stomach and the bile salt in the small intestine is one of the important selection criteria for probiotic (Shehata et al. 2016) . In the present study, test isolates were able to survive simulated gastric juice at pH 2 after 3 h of incubation (Table 4) . They retained varying levels (90%-97%) of survivability. The resistance at pH 3 was set as standards for acid tolerance of probiotic culture (Hassanzadazar et al. 2012) . Acid tolerance of bacteria is important not only for withstanding gastric stresses, but also a prerequisite for their use as dietary adjuncts and enables strains to survive for longer period of time in high acid carrier food without larger reduction in humans (Shehata et al. 2016) . Many researches proved that probiotic from various sources fulfill these basic criteria. (Zhang et al. 2000; Jose, Bunt and Hussain 2015) .
The tested strains of LAB L. plantarum are considered under GRAS (generally regarded as safe) status, and fulfill basic probiotic capabilities making them good probiotic candidates even though they were non-host specific. Sebastian and Keerthi (2012) also observed probiotic capabilities in Bacillus subtilis isolated from cow's milk. Examination of the hydrophobicity/hydrophilicity of cell surface gives information on the structural properties responsible for aggregation and adhesion. Cell surface properties recorded revealed that both the strains were more hydrophobic in nature than hydrophilic. Hydrophobicity indicates the presence of (glyco-) proteinaceous material (Kos et al. 2003) , while hydrophilicity indicates the presence of polysaccharide components (Collado et al. 2007 ). Hydrophobic nature facilitates cell-to-cell attachment and adherence to intestinal mucosa besides augmenting an intestinal mucosal barrier to prevent intestinal leakage and pathogenic adherence .
Cell aggregation involves interaction of surface components of a cell such as proteins, carbohydrates and lipoteichoic acid (Boris, Suárez and Barbés 1997) . Hydrophobic nature of isolates is confirmed by their auto-aggregation ability. Both L. plantarum MBTU-HK1 and MBTU-HT strains showed excellent auto-aggregation (99.26% and 99.8%, respectively). The hydrophobic nature and auto-aggregation maintain the bacterial population in the gut (Kos et al. 2003) . Co-aggregation is the cellto-cell adherence between genetically different strains, and it has also been related to the ability to interact with pathogens. Thus, co-aggregation measures the interbacterial adherence between the test strain and the enteric fever pathogen; S. typhi. L. plantarum MBTU-HK1 and MBTU-HT strains co-aggregated S. typhi, enabling them to form a barrier that prevents colonization by pathogenic bacteria (Boris, Suárez and Barbés 1997) . The probiotic B. subtilis isolated from cow's milk could co-aggregate enteric pathogens, S. typhi, S. paratyphi A and V. cholera (Sebastian and Keerthi 2012). Ability to adhere to epithelial cells and mucosal surfaces are an important property of probiotic bacteria preventing wash-out in the small intestine (Juntunen et al. 2001) . It was observed that the L. plantarum MBTU-HK1 and MBTU-HT have more ability to adhere to mucosal surface than the pathogen (V. cholera, MTCC 3906), and aid in prevention of colonization and establishment of infection by intestinal pathogens (Khalil et al. 2007) . Biofilm formation by lactobacilli has been well studied in the context of survival and interaction with the host as relevant properties for a probiotic strain (Fernández et al. 2015) . Both L. plantarum MBTU-HK1 and MBTU-HT were able to produce biofilm, similar to that reported by Fernández et al. (2015) , suggesting that certain cell surface polysaccharides enhances biofilm formation. In this study, the results obtained for the EPS production, hydrophilic nature of cell surface as well as SEM analysis confirmed the ability of the strains to form biofilm. Image of SEM analysis also evidence the biofilm formation and cell aggregation. Quantitative analysis of EPS production by the L. plantarum strains establish their efficiency to biofilm formation and auto-aggregation, which further enhance bacterial adhesion and colonization on the gut (Dertli, Mayer and Narbad 2015) . One of the most important bioactive compounds produced by L. plantarum is EPS (Tang et al. 2015) . The quantities of EPSs were 367.3-382.3 mg/l for L. plantarum MBTU-HK1 and MBTU-HT, whereas 260 mg/l for L. plantarum YML009 (Seo et al. 2015) . In food industry, microbial EPSs are used as thickeners or viscosifiers, stabilizing or emulsifying agents and as gelling and water-binding agents or texturizers (Seo et al. 2015) . EPSs produced by LAB may confer health benefits such as immune-modulatory, anti-tumor and antioxidant activities (Seo et al. 2015) . Results of the present study lead to the conclusion that L. plantarum MBTU-HK1 and MBTU-HT isolated from the gut of A. cerana indica are prospective and potential probiotic candidates for industrial applications subject to further detailed investigations on their suitability for consumption as probiotic. 
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